Abstract Marigold flower (Tagetes erecta L) is one of the richest sources of xanthophylls. An enzymatic pretreatment method was developed for improved extraction of pigments from marigold flowers. Pretreatment with enzyme solution increased the diffusion coefficient from 1.56 x 10 -9 m 2 /s to 4.02 x 10 -9 m 2 /s and mass transfer coefficient from 0.14 h -1 to 0.36 h -1 coefficients. At the same time, dry yield, resin yield and pigment yield were also found to increase along with increased retention of colour. Sodium hydroxide or citric acid pretreatments increased the diffusion coefficient during drying, but resulted in lower dry yield due to loss of soluble compounds whereas, pigment yield was higher as compared to control. The enzyme treated and air dried sample, stored at 4°C was found to be the most stable, as indicated by a low (0.0006 day −1 ) degradation constant.
Introduction
'Marigold' (Tagetes erecta L) is an ornamental plant native to Mexico and Gautemala and it is reported to be used in traditional Mexican medicine Nehr (1968) . The marigold flowers are of different shades like yellow, red, orange, dark orange and orange brown. African Aztec (Tagetes erecta) and French marigold (Tagets patula) are the two commonly found species. The African Aztec has large yellow or orange flower head, while French marigold has smaller single or double head of red and yellow or orange (Wealth of India 1976).
Lutein (C 40 H 56 O 2 ) is the major pigment present in the marigold flower. About 95% of lutein present in the flowers is in the form of esters out of which lutein palmitate is the major pigment (Gau et al. 1983) . Dimyristate, myristate, palmitate, stearate and distearate are the other esters of lutein present in marigold flowers. Lutein ester concentrations in fresh marigold flowers vary from 4.0 mg/g in greenish yellow flowers to 800 mg/g in orange brown flowers.
The extract from marigold flowers is used as an additive in poultry feed, to impart bright color to egg yolk, skin, and fatty tissues as the poultry pigmentation is often associated with good health and premium quality (Hencken 1992; Levi 2001; Winstead et al. 1985) . Extraction and purification of marigold flower extract is reported to result in enriched concentrate Levi (2001) .
Reported potential benefits of marigold include its role in cancer prevention and enhanced immune function (Chew et al. 1996) , inhibition of the autooxidation of cellular lipids (Zhang et al. 1991) , protection against oxidant induced cell damage (Martin et al. 1996) and prevention of age related macular degeneration (Fullmer and Shao 2001) . These attributes of marigold xanthophylls have sparked interest in the development of new methods for xanthophylls production, such as chemical synthesis (Kreienbuhl et al. 2000) or fermentation technology (Gierhart 1994) . These methods suffer from the limitation of removal of toxic solvents used in chemical synthesis as well as lower yield in fermentation process (Kreienbuhl et al. 2000) . Therefore, the development of the alternative process may be desirable, which may lead to higher yield of xanthophylls in their native ester form by extraction and purification of marigold flower (Levi 2001) . Solid state fermentation of marigold flowers for xanthophyll extraction from flowers has been studied by Navarrete-Bolanos et al. (2004) .
There are many methods reported in literature for the extraction of lutein and esters of lutein from marigold flowers (Modad et al. 2000; Barzana et al. 2002; NavarreteBolanos et al. 2005) . Generally, lutein is extracted from marigold flowers by solvent (hexane) extraction of dried flowers followed by the removal of solvent to obtain oleoresin, which is subjected to further purification steps to obtain a mixture of lutein and xanthophylls that is suitable for human consumption as a food additive or as nutritional supplement (Breithaupt and Schlatter 2005) . The advantages of drying flowers are reduction in the bulk, lower water activity and ease of extraction of pigment. Extraction kinetics of lutein from marigold flowers with alkali treatment has been studied by Hojnik et al. (2008) . Effect of enzyme pretreatment in comparison with acid and alkali pretreatment of fresh marigold flowers on kinetics of extraction of pigment has been reported in the present study. The objective of the present work was to assess the effect of various pretreatment methods such as sodium hydroxide solution, citric acid solution and enzyme solution on drying, dry yield, resin and pigment yield from marigold flowers.
Materials and methods

Raw material
Fresh marigold flowers were procured from the local market. The flowers had a moisture content of 93% and dark orange in colour. The flowers were cleaned and sound flowers were taken for the experiment.
Pretreatment of the flowers
The flowers were divided in to 4 batches of 10 kg each. First batch was used as a control i.e. without any pretreatment. The flowers were soaked in the pretreatment solution for 48 h at room temperature. In all the pretreatments flowers to solution ration was maintained at 1:1 weight to volume. During soaking the samples were mixed at manually at 1 h interval.
Sodium hydroxide pretreatment
A batch of fresh marigold flowers was soaked in 0.5% NaOH solution (0.125 M, pH 8.5) for 48 h at room temperature. The ratio of flower to soaking solution was maintained at 1:1.
Citric acid pretreatment
The marigold flowers (10 kg) were soaked in 1% citric acid solution (0.05 M, pH 4.0) for 48 h at room temperature (28°C). The ratio of flower to solution was maintained at a ratio of 1:1.
Enzyme pretreatment
An aqueous solution of 0.2% commercial enzyme mixture (Viscozyme from M/s Novozyme, Netherland) was used to treat a batch of marigold flowers. Based on different trials with different concentration of enzyme from 0.05% to 2%, the optimum concentration of enzyme (0.2%) was selected. The enzyme was a mixture of cellulase, hemicellulase, protease, arabinase and xylanase enzymes. The pectinsolubilising activity and β-glucanase activity of enzyme mixture was in the range of 5,000-12,000 U/g and 50-120 U/g, respectively. The ratio of flower to enzyme solution was maintained at a ratio of 1:1. The pH of the soaking solution was adjusted to 4.5 with citric acid.
Drying of marigold flowers
The fresh marigold flowers dried without any pretreatment was taken as control sample. Pretreated flowers were taken out from solution, water was drained by placing the flowers on a fine cloth. Free water was removed using a hydraulic press (M/s B. Sen Barry and Co., India) operating at 1 to 2 ton pressure for 10 min. The pressed pretreated flowers were dried in a hot air dryer (Precision Products, India) by spreading 1.5 kg flowers on each tray of dimension 30×60 inches. Drying was done at 45±2°C with the hot air velocity of 1.2 m/s. Samples were withdrawn at the interval of 1 h for the determination of moisture content. The dried samples were ground in a hammer mill (M/s Batliboi Pvt. Ltd., India) to obtain powdered, material passing through 40 mesh (B.S.). This material was used for the resin extraction, pigment estimation and storages studies.
Scanning Electron microscopy (SEM) studies
The samples of fresh and pretreated flowers were freeze dried and mounted on aluminium strobes and coated with thin layer of gold using polaron SEM coating system and observed with a LEO 435 VP Scanning Electron microscope (SEM) at 20 kV.
Determination of moisture diffusivity
The solution of Fick's second law for diffusion from an infinite flat plate (thickness 2a) results in the following well known equations for the transfer of water (Crank (1975; Rastogi et al. 2002) :
where M r is the moisture ratio; m represents the moisture content; the subscripts o, ∞ and t represent the moisture content initially, at equilibrium, and at any given time. For an infinite flat sheet, Fourier numbers for moisture diffusion (F ow ) is defined as (D ew t/a 2 ) Rastogi et al. (2002) , where D ew is the effective diffusivity of water; 'a' is the half thickness of infinite slab. An approximate form of Eq. 1 (for an infinite flat sheet) was graphically represented by plotting log (M r ) against the Fourier number (Fig. not  shown) . The slope of these line gives d (logM r )/d(F ow ).
The slopes of the experimental lines for moisture diffusion [d(logM r )/dt] were obtained by fitting the experimental data to the solution of mass transfer equation for moisture mass transfer during drying process. The rate of change of moisture content was plotted against average moisture content, and the equilibrium moisture contents (m ∞ ) as well as moisture mass transfer coefficients (k m ) were estimated from these plots (Rastogi et al. 2000) .
Considering the equilibrium approach to mass transfer, the following equations for moisture mass transfer can be written (Rastogi et al. 2000) :
where k m is the moisture mass transfer coefficients. Integration of Eq. 2, with the appropriate initial condition, resulted in the following equations:
The experimental data (M r versus t) were fitted to Eq. 3 to yield k m , which in turn gave the slopes:
D ew values, considering an infinite flat sheet, were estimated from the following equation (Perry et al. 1984) : Estimation of resin yield and pigment yield Dried sample (15 g) was taken in a glass column and extracted with hexane maintaining a material to solvent ratio of 1:6. Extractions were done in 5 batches. Extracts were pooled and evaporated in a flash evaporator under vacuum (22″ mercury) until the solvent was removed completely. The resin (residue) obtained was expressed as % resin on the basis of dried marigold powder. Total pigment content in fresh flowers and dried powders was estimated by AOAC method AOAC (2006) . For the estimation of pigment content in fresh flower, the petals were dried at low temperature (58±2°C), powdered and used for estimation. Marigold powder sample (1 g) was taken in a round bottom flask and 2 ml of 40% methanolic KOH was added and refluxed in a water bath at 56°C for 20 min. After refluxing, the flask was cooled under tap and 30 ml of hexane was added and the flask was kept in dark for 2 h. Top layer of separated hexane was diluted appropriately with hexane and absorbance was read at 474 nm in a spectrophotometer. Total xanthophylls content was calculated in terms of lutein using E 1% 1 cm value of trans lutein. The specific absortivity of trans lutein is 2360.
Total xanthphylls ðg=kgÞ ¼
Absorbance at 474 Â Dilutionfactor Sample weight Â 236
Measurement of color
Colour of dried and powdered samples was measured by Commission Internationale de l'Eclairage (CIE) method using an UV-Visible spectrophotometer with reflectance attachment (Model 2100, Shimadzu, Japan). D 65 illuminant was used as a source of light and BaSO 4 as a standard white. The marigold powders were directly placed in the sample holder to obtain the tristimulus values (X, Y, Z) (Hutchings 1994) . The values were expressed as mean ± S.D. of 5 replicates.
Storage studies
Samples were packed in aluminum foil pouches and stored at 3 conditions of storage viz., cold (4°C), ambient (27°C) and accelerated condition (45°C). Samples were withdrawn periodically once in a month and analyzed for resin and pigment content. The retention of pigment concentration was studied considering first order degradation kinetics.
where K is the color degradation constant, C/C o is the color retention ratio and t is the time of storage.
Statistical analysis
Data were statistically analyzed by student t-test for comparison of means using Microsoft Excel for significance (p≤0.05).
Result and discussion
Effect of pretreatments on drying behavior
Moisture contents of marigold flowers immediately after the pretreatments are presented in Fig. 1a . Moisture content was found to vary as a function of pretreatments. The moisture content of fresh flowers was found to decrease from 19.0 kg/kg to 6.25, 5.04 and 3.83 kg/kg in samples treated with NaOH solution, citric acid solution or enzyme solution, respectively (p<0.05, Fig. 1a ). This may be attributed to the permeabilization of cell due to pretreatments, which resulted in decreased water holding capacity (Delgado-Vargas and Paredes-Lopez 1997; Barzana et al. 2002) . The change in moisture content with drying time is presented in Fig. 1b . The moisture content of test samples at the end of various pretreatment varied as a function of pretreatments. Therefore, a simple plot of moisture content versus time (Fig. 1b) could not be directly used to compare mass transfer characteristics. Hence, the effective diffusivities of moisture were determined. The relevant values (Table 1) indicated that the diffusion coefficient for moisture increased for the pretreatments as compared to control (p<0.05). The highest diffusion coefficient was obtained for the enzyme treated sample, which may by due to the changes in cell permeabilization and structure. Pretreatment was found to reduce the drying time from 25 h to approximately 10 h (Fig 1b) .
Degradation of cell wall components mainly cellulose and hemicellulose, brought about by pretreatment with hydrolytic enzymes increased the permeability of cell wall resulting in decreased water holding capacity and increased mass transfer during extraction. Delgado-Vargas and Paredes-Lopez (1997) as well as Barzana et al. (2002) have indicated the increased extraction of xanthophylls content due to enzymatic pretreatment during extraction of marigold flower. The use of enzymes was reported to result in enhanced extraction of color and capsaicin from chilli (Santamaria et al. 2000) , chlorophyll and protein from alfalfa (Weinberg et al. 1990 ) and vanillin from vanilla beans (Teran et al. 2001) . Sodium hydroxide and citric acid pre-treatments were demonstrated to be effective on the surface, but did not permeabilize the tissue (Ade-Omowaye et al. 2001) . These pretreatments were shown to increase the mass transfer coefficients due to partial removal of the waxy layer from the skin surface in case of dehydration of paprika (AdeOmowaye et al. 2001) as well as in case of osmotic dehydration of tomato (Shi et al. 1997 ).
Dry yield, resin yield and pigment yield Enzyme pretreated sample showed the dry yield (5.58%), resin yield (10.5%) and pigment yield (2.48%) compared to control (5.60%), (8.65%) and (1.66%) respectively (Table 2) . Cellulase, hemicellulase and xylanase act upon the cell wall, which in turn increase the permeability leading to increase in extraction of cell components. Whereas, protease and arabinase act upon protein and starch, respectively. Since cell wall is made up of cellulose, hemicellulose and lignins, the use of commercial mixture of enzymes was used to extract pigment from marigold flowers instead of single enzyme. The study reported by DelgadoVargas (1997) also shown a similar trend, enzymatic pretreatment of marigold flowers with different commercial enzymes at concentrations of 0.01-0.1% has been studied. It has been reported that with enzyme treatment resulted in enhanced pigment extraction 1.7-7.4 g/kg which is in par with the results of the present study (1.66-2.48%). Sodium hydroxide and citric acid pretreated samples resulted in lower yields of dry matter and the resin (p<0.05) as compared to control, however, the pigment yield was significantly higher (p<0.05, Table 2 ), which may be due to leaching of the resinous solids which in turn results in higher pigment yield during these pretreatments (Sowbhagya et al. 2008) . Effect of temperature and solvents of different polarity on extraction kinetics of pigment have been studied Hojnik et al. (2008) Table 2 gives the L*, a* and b* values of pretreated and control samples. There was no significant difference (p<0.05) b a between the 'b*' values (yellow color) of control and enzyme treated sample. Whereas the 'b*' values were less for the sodium hydroxide or citric acid treated and air dried samples as compared to control sample. Control sample was brighter compared to all the pretreated samples as seen by the L* values. Sodium hydroxide and enzyme treated samples were darker in appearance than the control and citric acid treated samples. Values of a* was highest in case of control followed by citric acid treated and lowest in case of enzyme and sodium hydroxide treatment.
SEM studies
Scanning electron micrograph studies indicated that fresh marigold flower had well organized undulated structure, which found to distorted due to the pretreatment with enzyme (Fig. 2) . The increased yield in pigment and resin in case of enzyme pretreated flowers could be related to the change in the structure of the flower. In case of alkali and acid treatments, similar structural changes were also observed.
Storage studies
The retention of pigment during storage was analyzed considering first order degradation kinetics (Fig. 3) . The degradation coefficients (Table 3) indicate that the degradation of enzyme pretreated and air dried sample was minimum (degradation constant being the minimum) when it was stored in cold storage (4°C).
Conclusions
Pretreatment of fresh marigold flowers with sodium hydroxide, citric acid or enzyme followed by hydraulic pressing resulted in a significant reduction of water content of pressed flowers and increased rate of drying. Pretreatment of marigold flower with hydrolytic enzyme solution increased the yield of dry matter, resin and pigment. Though the pretreatment with sodium hydroxide or citric acid resulted in lower dry yield and resin yield, the pigment yield was found to increase which may be due to solubilization of resinous solids and better retention of pigment. During storage, the pigment loss was the least in enzyme treated samples stored at 4°C. Since marigold oleoresin with higher pigment content will fetch high price, pretreatments of flowers resulting in 
